The ω, φ, and ψ Space of N-Hydroxy-N-methylacetamide and N-Acetyl-N '-hydroxy-N '-methylamide of Alanine and Their Boron Isosteres.
The conformational space of N-hydroxy-N-methylacetamide [CH3-CO-N(OH)CH3, NMAOH] and its boron isostere [CH3-CO-B(OH)CH3, BMAOH] has been studied by quantum chemical methods. The potential energy surface of NMAOH and BMAOH has been built at the HF, B3LYP, and MP2 levels of theory with the 6-31+G* basis set. The minima and transition states for rotations about various torsional angles have been located, and the energy barriers have been estimated. The global minimum energy structure of both peptides exhibits an intramolecular hydrogen bond between the carbonyl oxygen and the hydroxyl group, imparting a conformational rigidity to the peptides. The omega rotation barrier is lower in the boron isostere than in NMAOH. The difference in the rotation barrier has been attributed to second-order orbital interactions, like negative hyperconjugation, as revealed by NBO calculations. In contrast, the rotation barrier around the torsion angle tau (torsion governing rotation about the N-O and B-O bonds) is relatively higher in the boron analogue. This difference is due to the double bond character in the B-O bond as opposed to the N-O bond which has the character of a single bond. As an extension, N-acetyl-N'-hydroxy-N'-methylamide of alanine (Ala-NOH) and its boron isostere (Ala-BOH) have been adopted as model peptides to study the conformational preferences about the φ and ψ torsion angles. The study reveals a strong preference for a Type I beta turn as well as inclinations for a left-handed alpha helix, for positive phi torsions, and for extended psi conformations for Ala-NOH; Ala-BOH, on the other hand, shows a leaning toward positive phi and extended psi, with no preference for any regular secondary structure motifs. The replacement of nitrogen by boron changes the electronic and conformational properties of the peptide, extending greater flexibility around the omega angle, a strong preference for positive phi values, and a shift in the site of nucleophilic attack from the carbonyl group to boron.